R6sum6. -La variation de la vitesse des dislocations avec la contrainte de scission appliquk a et6 mesuree ?L basse temperature dans des cristaux purs de NaCI, LiF et KI. La dkpendance en temperature de la contrainte de scission resolue a et6 Btudiee jusqu'a 4,2 K avec les m&mes cristaux et 6galement avec des cristaux purs de KCl, KBr et RbI. Les resultats obtenus sont discut6s brikvement.
1. Introduction. - The plastic strain rate i, may be purity (ci < 10 ppm) [5] and in pure NaCl expressed as (ci X 10 ppm) [6] down to 77 K and for the high-
(1) velocity region in heavily y-irradiated (10' rad) NaCl r71. where p is the density of mobile dislocations, b is the Burgers vector and v is the average dislocation velocity. p and v should depend on interaction of moving dislocations with phonon and electron subsystems and with various types of barriers, connected both with the periodical structure of crystals (Peierls barrier) and with lattice defects (impurities, other dislocations, etc.). Examination of v and p dependences on various parameters can make it possible to reveal the mechanisms of motion, drag and multiplication of dislocations. When these mechanisms are known, the plastic behavior of crystals (for ip > 0) can be predicted and probably changed in a controlled way.
Studies of dislocation velocity v dependence on applied shear stress z in a wide range of v in alkali halide crystals have shown [l- 41 that in these crystals v is very sensitive to z in the low-velocity region (v < 10' cm/s) increasing by many orders of magnitude, following a relatively small increase of the stress. In the high velocity region (v > 10-2 v,, where v, is the sound velocity) a linear dependence of v on z has been observed. It has also been shown that in the lowvelocity region v is very sensitive to divalent cation impurities concentration ci. Small additions of such impurities (10 + 100 ppm) decrease v by many orders of magnitude. In the high-velocity region v is insensitive to ci.
The data for the v dependence on z in alkali halides were obtained mainly in the room temperature region. There are experimental results of the v on T dependence for the low-velocity region in NaCl of high An kestigation of the mobile dislocation density p dependence on z, T and ci is rather complicated because of difficulties to separate between the mobile and immobile dislocations in the slip bands already at the beginning of plastic deformation. Usually the density of all dislocations in slip bands is measured. That is why v is the main characteristic used to describe the plastic behavior of crystals. It is also a fact that at room temperature at a stress z equal to the critical resolved shear stress z, v is relatively low (10-5 + lOP3 cm/s) [l-41. It means that stresses corresponding to a low v produce enough mobile dislocations to get > 0 (i. e. a slope change of the stress-strain curve). In [5] and [6] it has been observed that at low temperatures z, corresponds to higher v.
In the present work v(T) dependences in wide range of v (and z) in pure NaCl, LiF and K1 were studied at low temperatures (down to 4.2 K in NaCl and down to 77 K in LiF and KI). Temperature dependences of the critical resolved shear stress (down to 4.2 K) of the same crystals and also of pure KCI, KBr and RbI were measured.
2. Experimental details. -Investigations were made on pure annealed NaCl, LiF, KI, KCl, KBr and RbI single crystals. The total content of divalent impurities present did not exceed 30 ppm for RbI and 10 ppm for the other crystals. A pulse loading method and etch-pit technique were used to determine the velocities of individual dislocations v as a function of applied shear stress t. The procedures for annealing, introducing fresh dislocations and for pulse loading were in principle the same, as those previously described [2] . Etchants of 50 % formic acid and 50 % acetic acid for NaCl, water with FeCI, for LiF [l] and of hexyl alcohol saturated with CdI, [8] for K1 were used in order to reveal dislocations. The density of grown-in dislocations was not higher than 104 cm-' and the average size of subgrains where displacements of fresh dislocations were measured was > 1 mm2.
The studies of the critical resolved shear stress z, were performed on an Instron testing machine at a strain rate of about 2 X 10-S S-'. The samples were tested in compression. z, was determined as the beginning of a slope change of the stress-strain curve. where S is the mean area swept out by dislocation after overcoming a barrier, L/2 is the mean distance between the barriers, v is the frequency factor and H(z, ci) is the enthalpy of activation. According to expression (2) the dislocation velocity dependences in the low-velocity region should give straight lines in a lg v -1/T scale. But as it can be seen from figure 5 The dislocation mobility in the low-velocity region where v in alkali halides is very sensitive to divalent impurities concentration ci is usually described by the thermally activated process of overcoming impurity barriers by moving dislocation. The average velocity U in this case is given by polation of the high-velocity region of the U(Z) dependence to lower z (to the experimental points in the lowvelocity region). As can be seen from figure 6 experimental results for NaCl are in good agreement with (3) excluding 4.2 K. In the high velocity region the dislocation mobility is usually described by viscous drag processes and the average velocity is given by where B is the viscous drag coefficient. As it can be seen from figures 2a and 2b experimental results obtained in NaCl for the high-velocity region are in good agreement with expression (4) for viscous dislocation motion. On figure 7 the dependence of viscous drag coefficient B, calculated from the linear portion of v(z) curves, on temperature in NaCl is presented. It can be seen from figure 7 that B decreases when temperature decreases and that the decrease is more strongly pronounced when the temperature decreases from 77 down to 4.2 K. This result agrees with various theories predicting a decrease of phonon-dislocation interaction with a temperature decrease (see the recent review [Ill).
Experimenfal results and
The data for the v(z) dependence in NaCl at 4.2 K (low-velocity region) are in disagreement not only with expressions (2) and (3) (see Fig. 5 and 6 ), but with all expressions obtained from various theories for dislocation motion. As it can be seen from figures l a and Ib in the whole range of velocities the measured v at 4.2 K are higher then those at 20 K and there is a wide range of velocities where v at 4.2 K is even higher then at 77 K. For a wide range of z, the velocities of dislocations at 4.2 K are by two orders of magnitude (and more) higher than at the same stress level at 20 K. Even if we take into account that in (2) In [l51 a rougher, but at the same time, more simple model is considered : the kinetic energy of a dislocation segment, directly interacting with the pinning center is taken into consideration. The kinetic energy of such a segment can be expressed as where m is the mass of the segment, d is the radius of the dislocation core, Z is the length of the segment, d is the density of the crystal and u0 is the velocity ofviscous dislocation motion between pinning centers. Then using the experimental data obtained ( Fig. 1 and 7 and K1 are presented in figure 8 . and taking ip w 2 X 10-5 S-', b = 4 X 10-8 cm and v(z3 w 3 X 104 cm/s we obtain p << 1 at z, in NaCl at 4.2 K. This means that the density of mobile dislocations during plastic deformation of NaCl at 4.2 K is very low (since l , > 0 only when z 2 T,) ; it also means that the plastic deformation is controlled (and the z, on temperature dependence is determined) at low temperatures not by the dislocation motion process but by processes and mechanisms of dislocation multiplication. In such a case an investigation of the zS(T) dependences at various strain rates makes it possible to determine the parameters of dislocation multiplication mechanisms.
A weak temperature dependence of 7, in the region of room temperature is usually observed for pure alkali halides and other pure crystals. Temperature independent regions of zs at very low temperatures have been also observed in pure W [Is] . In alkali halides this z, independency on T is probably connected with a change of dislocation multiplication mechanism in these crystals at low temperature, for instance, from multiple cross-slip to multiplication of dislocations on stress concentrators. A decrease of the viscous drag coefficient B at low temperatures can also give a growth in the number of dislocation loops of critical size from thermal or stress fluctuations.
Dislocation velocities v(z,), corresponding to the critical resolved shear stress, 7,: at various temperatures in NaCl, LiF and K1 crystals 
